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The protocols presented here are proposed as reference protocols to be used in international evaluation of common 
trials. Their aim is not to interfere with local habits and ways of doing which might be preferred for domestic use. For interna-
tional evaluation, it is necessary that partners speak a “same language” and have common references to describe and evaluate 
traits: this will facilitate joined analysis of datasets, allow precise comparisons among sites and a more correct interpretation 
of results. In addition, it should progressively allow building up a better unified corpus of genetic parameters among the sci-
entific community and thereby it will help getting a clearer picture of genetic parameters trends within species. Comparisons 
among published international results are currently hardly possible.
Reference genotypes are proposed as well for some species. They can be used as standards across international field 
experiments andfacilitate the interpretation of results from site to site. They usually represent  extreme phenotypes for a given 
trait. They will be used as ‘signal’ trees like for phenological traits or as scoring-scale references or standards to which data-
sets should be adjusted. These references should be proven stable genotypes marked by a low G x E interaction and should 
be easily mass-produced so to be shared among participants.Protocols are mostly proposed for traits commonly assessed by 
breeders and for which an agreement can probably be easily found, but they include also some original protocols developed 
in a given team for a specific trait and scientifc question: these latter protocols are not subject to consensus but they are worth 
to be known and shared and they can serve as well as reference protocols or at least as a starting point for further protocol 
development.
The list of reference protocols is not exhaustive and should be enriched over time. 
 Luc E. Pâques
 Coordinator
 February 23, 2011
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GENERAL REMARKS
MORPHOLOGICAL TRAITS
 Stem straightness Conifers  
 Basal sweep Conifers/broadleaves   
 Stem straightness Broadleaves    
 Branch angle Conifers/broadleaves   
 Branch thickness Conifers/broadleaves   
 Apical dominance Conifers/ Broadleaves
 Forking Conifers/broadleaves   
  
ADAPTIVE TRAITS
 
 Protocol for assessment of phenology traits Definitions – recommendations
 Bud break Abies spp.    
 Bud burst Larix spp.    
 Bud burst, bud break, termination of growth Picea spp.
 Bud break, shoot elongation Pinus sylvestris   
 Bud break, Bud set Pseudotsuga menziesii  
 Bud break, bud set, termination of growth Populus spp.    
 Bud break  Prunus avium    
 Leaf senescence Larix spp.     
 Flowering phenology (female and male) Abies spp.    
 Flower phenology (female and male) Pinus sylvestris   
 Flower phenology (female and male) Populus spp.    
 Flowering and fruit phenology Prunus avium    
ADAPTIVE TRAITS: OTHER TRAITS
 Assessment of frost hardiness Conifer/broadleaves   
 Biomass assessment Conifer/broadleaves 
CONTENTS
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∙ In case of a block design, each block should be assessed by only one observer/staff, so that observer effects will be 
included in block effects;
∙ in case of a trial with a completely randomized design (single tree plots) is assessed by several observers, at least 50 
trees should be assessed by each one of them so to fine-tune the scoring system and to assure a consensus on the interpreta-
tion of the scoring system;
∙ before starting the observation it is recommended to walk through the plantation and find out reference trees for each 
score class. These trees will be marked and referred to several times if needed during the assessment. Pictures of these trees 
should be taken and archived for further documentation;
∙ in case of doubt between 2 scores, intermediate scores (e.g. 3.5) are allowed;
∙ scoring scales should be used in an absolute manner which means that a given score must have the same meaning 
across different sites, thus allowing the comparison of genotype behaviour in international and/or multi-site experiments.
This scoring system can be used in two different ways:
1) in an “absolute” manner, which means that a given score will have the same meaning across different sites; 
2) in a “relative” manner: which means to adapt the scoring scale to each site.
The advantage of the “absolute” manner is that it allows a real comparison of results over sites (and ages); the inconven-
ient being that in a given site, the distribution of scores will be asymmetric. 
The advantage of the “relative” manner is that it allows normalizing the distribution of scores; but it prevents an objective 
comparison among sites. Comparison could only be done through genotype ranking with a loss of information.
In Leuven Treebreedex workshop (09/2009), participants agreed that the most important in international trial evaluation 
was the possibility to compare genotypes behavior across sites and the absolute way was retained. 
GENERAL REMARKS
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Morphological trait: Stem straightness
Conifers
Date: March 2010
PROTOCOL FOR ASSESSMENT OF STEM STRAIGHTNESS IN CONIFERS
DEFINITION
Stem deformation includes several defects: basal sweep, lining, bending, crookedness, twisting. Their origin can be 
genetic (due to delayed lignification, production of compression wood?) or accidental. The trunk aspect may change 
over time with a more or less rapid apparent correction due to the accumulation of growth layers. 
It is suggested to evaluate separately these different defects for a better description of stem form and a separa-
tion of accidental from genetic effects (Figure 1).
Stem sinuosity or stem crookedness (vs. Stem straightness) aim to assess the external quality of the stem in con-
nection to local deviations from the main tree axis, present along the stem, in any directions. It includes also twisting 
defects common in some species (larch). Severity of deviations is more or less important: in some cases, the defects 
externally disappear after a few years but in the worse cases, they remain over years and are highly detrimental to 
wood quality. Should be distinguished stem deformation due to intrinsic causes (like due to lignification problems) 
and stem defects clearly resulting from identified biotic (e.g. Rhyacionia buoliana in pines) or abiotic (as frost/drought 
damages to terminal buds) factors. In the latter case, a rupture of direction at a given annual increment is observed. 
ASSESSMENT METHODS
Objective assessment methods have been proposed by several authors to evaluate stem form (Contrain, 1993; 
Campbell, 1965; Shelbourne and Namkoong, 1966; Powell, 1987). Most of them rely on measurement of deviations 
from pictures taken in two perpendicular plans or from direct measurements in the field (Contrain, 1993). Unfortu-
nately, these methods are time-consuming and are only worth for specific studies on a limited number of trees. 
For routine assessment, a subjective scoring system is preferred because it is fast and applicable on large sets of 
Figure 1. Definition of stem defects in Conifers.
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trees as in tree breeding. It describes a continuum from straight stems to severely crooked trees. Proposed scales run 
from 1 to 3 up to 1 to 9. Scoring systems referring strictly to stem straightness/stem crookedness are preferred to those 
confounding the different stem form defects. 
A two small scale span (like 1 to 3) is convenient but it suffers from a lack of precision; a too wide scale (over 1-9) is 
more delicate to apply and the separation between two scores becomes more subjective. It is then proposed to have 
an intermediate scale (1-5/1-6). 
SCORING SYSTEM
The following scoring system is proposed: it combines a count of crooks along the stem together with an appre-
ciation of the severity of the crooks (Figure 2).
Figure 2. Scoring system for stem straightness in Conifers.
 ∙ Scores 5 and 4 include what can be seen as ‘straight’ trees: defects in score 4 are weak enough to suppose that 
they will disappear with time;
 ∙ scores 1 and 2 include ‘crooked’ trees: the defect is so severe that it is supposed to remain over time and 
strongly affect wood quality (purge needed).  
This scoring system can be used in both  two different ways either in the absolute manner and in the relative one.
WAY OF ASSESSMENT
It is recommended:
1) - to note separately the different defects such as basal sweep, lining, bending and   stem sinuosity, 
 - to limit the assessment of crookedness to the part of the stem above 1.30 m (to avoid basal sweep),
 - to disregard the last 2 annual increments as, for some species, this part of the stem is heavily influenced by  
 local weather conditions (wind) and corrections of the stem appear next season(s). 
3Protocol nr. 1
2) - to observe trees in two perpendicular planes, so to have a better vision of defects,
 - to have the assessment done by 2 independent observers, depending on the available resources.
Table 1. Reference genotypes for conifers  chosen for their higher h²G or H²C values.
The scoring system proposed could be used for a wide range of age of trees: larch, pines, spruces and Douglas-fir 
(5-25 yrs, optimum when trees are around 10-15 m).
REFERENCE LITERATURE
Campbell R. K., 1965. Phenotypic variation and repeatability of stem sinuosity in Douglas-fir. Northwest science, 39 (2): 47-59.
Contrain Y., 1993. Description fine de la forme de mélèzes hybrids (Larix x eurolepis) en liaison avec des notations subjectives. ENSA- Rennes, 24 
September 1993: 55p.  
Powell G. R., 1987. Syllepsis in Larix laricina: analysis of tree leaders with and without sylleptic long shoots. Can. J. For. Res., 17 (6): 490-498.
Shelbourne C. J. A., Namkoong G., 1966. Photogrammetric technique for measuring bole straightness. Proc. 8th SO. Conf. For. Tree Improv. Savan-
nah, GA: 131-136.
RESEARCH QUESTIONS
Link among score levels and economical impact on tree value;
development of an automatic objective stem form assessment.
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Morphological trait: Basal sweep
Conifers/broadleaves
Date: March 2011
PROTOCOL FOR ASSESSMENT OF BASAL SWEEP 
DEFINITION
Basal sweep is a trunk deformation observed at the base of the tree. It can be of genetic origin or accidental (in 
connection with a poor plantation, poor weed control, wind damage or snow creeping on steep slope). Some species 
are highly susceptible to this defect such as maritime pine and larch. 
ASSESSMENT
A subjective scoring (presence/absence of the defect) or various objective ways of measurement of the impor-
tance of the defect are commonly practiced. 
WAY OF ASSESSMENT
Basal sweep is expressed by the maximum horizontal distance between the deformed trunk and a vertical line 
(Figure 1). The vertical line is materialised by a pole put at the base of the stump and maintained vertical (plumb line 
or spirit level). The distance d is expressed in centimeters.
The deformation is observed in the plane where the defect is the most severe and up to 1.30 m.
Figure 1. Scoring methods adopted for basal 
sweep (Magini 1969).
REFERENCE LITERATURE
Magini E., 1969. The heritability of the stem form in Pinus pinaster Ait. 2ème Consultation Mondiale sur l’Amélioration des arbres forestiers. Wash-
ington FO-FTB 3/8: 351-360. 
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Morphological trait: Stem straightness
Broadleaves
Date: March 2010
PROTOCOL FOR ASSESSMENT OF STEM FORM IN BROADLEAVES
DEFINITION
Stem form in broadleaves is often more complex than in conifers because of the more or less rapid loss of a clear 
apical dominance of the main stem. Defects like forking are frequent and repeated over time. So, it should probably 
need to be considered in a broader sense than for conifers.
Two ways of assessment are presented: one for Fagaceae (Ducousso et al., 1996; Figure 1) and one for scattered 
species (Ducci el al., 2005; Figure 2).
WAY OF ASSESSMENT 
Beech and oak spp.
A dichotomous scoring system is proposed which considers a continuous range of stem form situations from no 
silvicultural value ( e.g. shrubby trees) up to top-quality straight trees. 
No silviculture value (even with a human intervention like pruning)
 - No main axis score 1-2
 - One main axis score 3-4
Silviculture value 
 - Severe defects on main axis score 5-6
 - Slight defects on main axis  
• More than one defect score 7-8
• One defect score 9
 - Straight main axis score 10
Scoring system 
This scoring system can be used in both  two different ways either in the absolute manner and in the relative one. 
Reference genotypes (Provenaces, progenies, clones; Table 1) were chosen for their higher h²G or H²C values. 
Table 1.  Reference genotypes for broadleaves.
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Figure 1. The scoring system used for beech and oak.  
1) No main stem or on a low height (“apple” shape);
2) no apparent stem; very many major defects;
3) presence of a visible stem, but several major defects;
4) presence of a visible stem, but a major defects eliminates any forestry 
quality;
5) trees having many defects (branching angle, branches diameter, branch-
es density, flexuosity), but could be recovered with pruning;
6) a big defects that could be recovered, or more mean defects;
7) two means defects or many small defects; maximum score for a tree with 
multiple stem;
8) two slight defects, or means defect;
9) a small defect (fork at the top of the crown, slight flexuosity, branches 
with greater average diameters,...);
10) ideal tree: no default. 
3RESEARCH QUESTIONS
Developing MAS (Marker Assisted Selection) would it be possible?
REFERENCE LITERATURE
Ducci F., Proietti R., Calvo E., Correale F., 2005. La valutazione di cloni e provenienze. [Clone and provenance evaluation]. In: Monografia sul cili-
egio selvatico (Prunus avium L.). [Monograph on wild cherry]. (F. Ducci ed.,) CRA ISSAR, Istituto Sperimentale per la Selvicoltura, Arezzo: 45 – 52.
Ducousso A., Guyon J.P., Kremer A., 1996. Latitudinal and altitudinal variation of bud burstin western populations of sessile oak (Quercus petraea 
(Matt.) Liebl.). Ann. Sc. For., 53: 775-782.
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1) Pefectly straight, no flaws;
2) one minor deviation from straightness;
3) stem curved one-sidedly;
4) stem with several curves (sinusoidal);
5) sinusoidal stem with crooks;
6) no main axis, bushy.
Figure 2. The scoring system used for wild cherry, ash and other scattered 
broadleaves.  
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Morphological trait: Branch angle 
Conifers/broadleaves
Date: March 2011
PROTOCOL FOR ASSESSMENT OF BRANCH ANGLE
DEFINITION
Branch angle is defined as the angle between  a given branch or the mean angle of branches and the main stem 
axis. In case of curvature of the branches, the angle is measured at the insertion point (line y in Figure1)
 Figure1. Insertion angle of branches compared 
to the stem.
ASSESSMENT
Whereas subjective scoring systems of the type (steep, medium, flat angle) are available, the definition of easily 
recognizable angle thresholds helps to make the observation more objective. 
SCORING SYSTEM
A 5 class scoring system is proposed (Figure 2 and 3):
Figure 2. Scoring system pro-
posed for evaluating the branch 
angle classes.
Figure 3. Examples of angle and thickness (also ref. to sheet n. 5) of branches in 4 Italian 
wild cherry clones: a – small angle and high thickness; b - medium angle and low thick-
ness; c - horizontal angle and low thickness; d horizontal angle and medium thickness.
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WAY OF ASSESSMENT
Actual and precise measuring of branch angles is very time-consuming, becomes unfeasible once trees have 
reached a certain height. Branch angle can be assessed using different tools. 
Angle classes can be measured by manual goniometer or more precise measurements can be carried out with 
digital device to precisely measure (e.g. Nedo Winkeltronic LaserWinkeltronic®) and transfer angles – rugged, reliable 
and with an accuracy of ±0.1°.
The scoring system can probably be used at any age but preferably beyond the juvenile stage of trees when the 
tree architecture stabilizes. The estimation of the mean branch angle class is commonly agreed for two whorls, i.e. 
located just under and just above half of the total tree height and calculation of the average of both estimates.
GENERAL RECOMMENDATIONS
The scale should be used as such with the given angle classes (and not adapted to each site). 
SPECIFIC RECOMMENDATIONS
The way branches are sampled (given branch, given whorl, whole tree) should be specified in each case and may 
vary according to tree age and species. 
Reference genotypes (population, family, clone) were chosen for their higher h²G or H²C values (Table1).
Table 1. Reference genotypes for branch angle.
REFERENCE LITERATURE
Ducci F., Germani A., Janin G., Proietti R., Signorini G., 2006. Clone selection for wild cherry (Prunus avium L.) with special reference to some traits 
used. Bozzano M., Rusanen M., Rotach P., Koskela J., 2006. (compilers). Euforgen – Noble Hardwoods Network, report of VI (9-11 June 2002, Alter 
do Chao, Portugal) and VII meeting (22 – 24 April 2004, Arezzo, Italy), IPGRI, Rome, Italy: 53 – 60. 
RESEARCH QUESTIONS
Link between score levels and economical impact on tree value.
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Morphological trait: Branch thickness 
Conifers/broadleaves
Date: March 2011
PROTOCOL FOR ASSESSMENT OF BRANCH THICKNESS
DEFINITION
Branch thickness refers to the quality of branching in terms of branch diameter. Branches with thicker diameters 
will leave knots with a larger area which will decrease wood quality. 
ASSESSMENT 
Branch thickness is evaluated either by direct measurement of (a sample of ) branches or with a subjective scoring 
system (thin, medium, thick). A significant improvement is provided when branch thickness is related to stem diam-
eter or when you use ratios as mean diameter of branches in the whorl/Stem diameter. 
SCORING SYSTEM
The scoring system proposed is a 4-score scale with 1 (worst) and 4 (best). Branch thickness is related to stem 
diameter at the level of the branch. 
The figure 1 shows an example for assessment of branch thickness in conifer species. An example of branch thick-
ness types in broadleaves is visualised in previous procol nr. 4, figure 3.
Figure 1. Scores for branch thickness in Conifers (pictures from IBL - PL).
WAY OF ASSESSMENT
Specific recommendations
Common whorls or pseudo-whorls (1 or 2) are first agreed upon and branch thickness evaluation will consider 
only these branches. The mean score for all branches of a given (pseudo-) whorl is given relative to the stem diameter 
just above the whorl. 
There are no a priori age limits for the assessment as far as whorls can be clearly seen, but probably the best pe-
riod for conifers is between 5 and 20 yrs and for broadleaves between 3 and 10 years. The estimation of the branch 
thickness class for two whorls has to be located just under and just above half of the total tree height and the average 
of both estimations must be calculated.
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Specific recommendations
For wild cherry (example on protocol nr. 4): the only real way to control branch thickness is planting wild cherry 
in mixed  plantations with shelter species or in forest. 
Reference genotypes (population, family, clone) were chosen for their higher h²G or H²C values (Table 1). 
Table 1. Reference genotypes for branch thickness.
REFERENCE LITERATURE
Ducci F., 2005. Metodi di individuazione e selezione di materiali di base. [Methods for the survey and selection of basic materials]. In: Monografia 
sul ciliegio selvatico (Prunus avium L.). [Monograph on wild cherry]. (F. Ducci ed.,) CRA ISSAR, Istituto Sperimentale per la Selvicoltura, Arezzo, 
Italy: 33 – 36.
RESEARCH QUESTIONS
Any known industrial thresholds in knot size integrated in selection index?
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Morphological trait: Apical dominance
Conifers/broadleaves
Date: October 2010
PROTOCOL FOR ASSESSMENT OF APICAL DOMINANCE
DEFINITION
Apical dominance refers to the normal pattern of annual height growth when the main leader is formed year 
after year in the main axis of the stem. In several species prone to several growth cycles [St-John’s sprout, polycyclism, 
lamma’s shoot], defects can be observed due to loss of dominance. Sub-terminal twigs can then elongate to such an 
extent that forks can be formed. It appears in both broadleaves and conifers.
ASSESSMENT 
Several subjective scoring systems have been proposed. They usually distinguish between cases where apical 
dominance is respected (a main axis still exists even if lateral branches take over in some ways) or not, and cases where 
multiple leaders definitely take over. 
SCORING SYSTEM
Broadleaves (e.g. wild cherry; Figure 1) 
Figure 1. Scoring system for apical dominance in broadleaves trees.
5 = Main leader respected with lateral branches extending to less 
than half terminal shoot length;
4 = main leader respected with lateral branches extending slightly 
over half of terminal shoot length; 
3 = main leader respected with lateral branches extending from half 
of the terminal shoot length to its length;
2 = main leader respected with lateral branches extending over ter-
minal shoot length;
1 = main leader absent or very short, with in this case, lateral branches 
largely extending over the terminal shoot length.
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Conifers (e.g. Douglas fir, Firs, Larch; Figure 2):
WAY OF ASSESSMENT
The top of each tree will be carefully observed and noted according to the scoring scales above. Care should be 
particularly taken for conifers to properly observe primary and secondary shoots. Between growth cycles, growth can 
momentary stop with formation of a bud before second growth starts, or it can just slow down for a more or less short 
period before second growing. In this case, needles or scars of needles will appear locally more dense. 
Assessment of polycyclism, being a juvenile characteristic, should concentrate on young trees (on average up to 
10 years).
Reference genotypes (population, family, clone) were chosen for their higher h²G or H²C values (Table 1). 
Table 1. Reference genotypes for apical dominance.
REFERENCE LITERATURE
De Schamps, J. 1971. Pousses d’aout du Douglas. Rapport annuel. Association Foret-Cellulose (AFOCEL), Paris: 173-217.
Ducci F., 2005. Metodi di individuazione e selezione di materiali di base. [Methods for the survey and selection of basic materials]. In: Monografia 
sul ciliegio selvatico (Prunus avium L.). [Monograph on wild cherry]. (F. Ducci ed.,) CRA ISSAR, Istituto Sperimentale per la Selvicoltura, Arezzo: 
33 – 36.
Ducci F., Veracini A., 1990. Criteri di scelta e sistema di valutazione di fenotipi superiori nel miglioramento genetico di latifoglie a legname 
pregiato. [Evaluation and selection criteria in the frame work of the phenotypic selection and improvement and breeding of noble hardwoods]. 
Ann. Ist. Sper. Selv., Arezzo, Italy. Vol. XXI: 57 – 80.
 
Figure 2. Scoring system for apical dominance in conifers (TB: Top 
Bud). Scores within the picture box are those used by De Schamps 
(1971). Scores outside the box are defined in legenda.
4 = Main axis respected with only one leader and no sub-terminal 
branches;
3 = main axis respected with only one leader but sub-terminal 
branches elongated;
2 = main axis growth stopped after primary growth; 
2A= one lateral shoot (from secondary growth) takes over;
2B = two lateral shoots take over;
2C = multiple lateral shoots;
1 = main axis respected but presence of multiple shoots of equal 
(or even higher) length. 
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Morphological trait: Forking
Conifers/broadleaves
Date: October 2010
PROTOCOL FOR ASSESSMENT OF FORKING
DEFINITION
A fork is a frequent defect in several species, genetically inherited and/or accidental (damage to terminal bud or 
last annual increment). Compared to a ramicorn (spike knot), a fork has two leaders of equal importance in thickness 
and length while a ramicorn is a branch thicker than mean branches but thinner and usually shorter than the main 
stem, and making a steep angle with the trunk. 
ASSESSMENT 
Presence vs. absence of fork is the most straightforward method. Counting of forks is another possibility, much 
more informative than the previous one as repetitive forking might suggest a genetic control of the defect. The major 
inconvenient of both methods is that according to the height at which the fork appears, the defect can be judged 
detrimental or not. Many authors have thus included in their scoring the location of forking (depth as a proportion of 
height, height). 
SCORING SYSTEM
A combination of the methods above is proposed in the following 7-scores scale (Figure 1). It combines the pres-
ence/absence of forks, their number and their position relative to total tree height. 
Figure 1. Scoring system for forking defects.
1 = Tree with several forks (more than 1), one of which occurring in the 1/3 lowest 
part of the tree;
2 = tree with one fork occurring in the 1/3 lowest part of the tree;
3 = tree with several forks (more than 1), one of which occurring in the second third 
of tree height;
4 = tree with one fork occurring in the second third of tree height;
5 = tree with several forks (more than 1), one of which occurring in the upper third 
of the tree;
6 = tree with one fork occurring in the upper third of the tree;
7 = tree without fork.
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WAY OF ASSESSMENT
Each tree is observed carefully and given a note according to the scale described above. Probably the scale is best 
adapted for mature trees but could be used as early as 10-15 yrs old. 
Reference genotypes (population, family, clone) were chosen for their higher h²G or H²C values (Table 1).
Table 1. Reference genotypes for forking.
RESEARCH QUESTIONS
N. a.
ADAPTIVE TRAITS
TREEBREEDEX REsEaRch InfRasTRucTuRE nETwoRk 2006 -2011
(European project CT2006-026076)
CRA - Centro di Ricerca per la Selvicoltura
Laboratorio per le Risorse Genetiche Forestali

1Protocol nr. 8 - Definitions /recomandations
Adaptive traits: Phenology
Definitions - recommendations
Date: October 2010
PROTOCOLS FOR ASSESSMENT OF PHENOLOGY TRAITS
GENERAL DEFINITIONS
Adaptation: it is the adjustment of a gene pool of a population to a given environment (i.e. ecotypes of spruce 
adapted to low altitude climate or to high altitude mountain climate) (Nanson, 2004). 
Tolerance: it is the ability of a genotype to preserve its fitness under the pressure of a damage factor. It is geneti-
cally settled and fixed by the evolutionary forces, allows each species to occupy a given ecological niche in a given 
habitat. 
Phenotypic plasticity: it is the asymmetric response of genotypes to extreme events. It can be defined as the 
property of a given genotype to produce different phenotypes in response to distinct environmental conditions. It can 
be considered at several levels: Temporal plasticity, Spatial plasticity, Within-tree plasticity, Trans-generational plastic-
ity, etc.
Phenology: it is an important aspect of adaption. It is the study of the timing of periodic phenomena such as 
flowering, growth initiation, growth cessation, water flows etc., cambial and physiological activity, especially as related 
to seasonal changes in temperature, photoperiod, etc. (Wright, 1976; Nanson, 2004).
Phenology traits (bud break, bud burst or bud flush) are conditioned by several biological and environmental fac-
tors (chilling requirements, forcing temperatures, etc.) necessary for launching the processes but they are also under 
strong genetic control. 
Local tree conditions might also interfere on the speed of developmental phases, such as tree height and health 
stage, water availability in soil, etc.. 
They are important selection criteria as they might condition stem form in case of stress, frost (mostly late frost) 
damage, but also they affect growth potential in relation to the growth season length. 
SPECIFIC DEFINITIONS FOR PHENOLOGY
Bud break, bud burst or bud flush: corresponds to the period spanning from dormant bud up to shoot elonga-
tion. It is conditioned by several environmental factors (chilling requirements and forcing temperatures) necessary for 
launching the process but it is also under strong genetic control.
Bud set: corresponds to the period when elongation stops and new buds (preformed in most Conifers) are ready 
to cope with winter climate.
Flowering phenology: is the period when male and female flowers develop.
Hardening: is the period needed by the elongated shoots to conclude the lignifications processes before the end 
of vegetation period.
Late frost resistance: related to observation of bud break.
Leaf senescence: corresponds to the period when progressive changing of leaf/needle color is observed. 
Requirement of chilling temperatures: for deep dormancy release, it is usually measured by chilling units (CU), 
the number of hours passed under limit of temperathure (usually 5°C).
Shoot elongation: after the bud scales are open, the shoot starts the elongation phase. It is concluded when the 
length growth stops.
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Shoot frost hardiness: is the period needed by the elongated shoots to conclude the lignifications processes 
before the end of vegetation period.
Other traits rarely used:
Cambial activity – to study the start date and the annual growth phase by using anatomy of the cambial activity 
in the ring growth (picking micro-cores method, Italy).
Cell cycle analysis – to study early growth initiation and late growth cessation in apical buds (Sweden).
Spike knots - as indication of autumn or winter frost damage (Lithuania).
ASSESSMENT
A subjective scoring system is commonly used, but also quantitative methods can be used: developmental stages 
from dormant bud to elongation are described. Observation usually concerns the terminal buds or in the case of tall 
trees the terminal bud of lateral branches is noted. Always the same portion of the crown should be monitored on all 
trees of the test. 
Based on funding resources, observations are either conducted:
 - at a given periodicity (every 2 days) during the flushing period with each tree noted at each observation;
 - or at a given periodicity (days/week) during the flushing period by assessing only trees having reached a given 
score or all trees at different scores;
 - or only once or twice during the flushing season. 
WAYS OF ASSESSMENT
Two cases are presented: 
Case 1: For genotype ranking (method by default)
By default, the observation of bud burst will be done only once during the flushing season, when around half of 
the trees have reached the mid-score (3), that means that some trees are still at an earlier stage and some already at a 
later stage. 
A preliminary notation on a sample of trees across the trial (e.g. on one or two diagonals) or on reference geno-
types can be used to better fit the assessment period. 
Case 2: For comparison of flushing dynamics among genotypes
The observation of bud burst will be done at regular intervals (twice a week, more often according to the needs) 
along the flushing season, starting soon enough to capture the early stage and ending late enough to catch the last 
stage.
In this case, at a given date, all trees will be observed and recorded. The observation will stop when all trees have 
reached stage 5. 
A person is on average able to sample 500-1250 trees per day according to the size of trees and consequent dif-
ficult for scoring.
Monitoring can be repeated only once or for several years according to the aims of the experiments.
Concerning this kind of traits, their potential can be fully realized only in a series of provenance plots along an 
altitudinal/latitudinal (climatic) gradient(s).
Phenology characters are practically relevant indicators of the adaptability and adaptedness of forest trees (Table 
1). They are directly related to the growth and to the tree architecture. There is a correlation between them and the 
3Table1.  Criteria concerning the phenology monitoring.
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frost damage, which incidence is expected to increase with the climate change.  A series of assessments on the same 
individuals over more years allows concluding about the climate development.
For leaf senescence, a subjective scoring system allows classifying trees according to a grid representing different 
stages of tree yellowing.
GENERAL RECOMMENDATIONS
In all cases, the terminal bud alone will be noted but care should be paid that it is alive and healthy. In case of 
defects, a sub-terminal bud can be assessed instead. 
Observation is best done on small trees like in nursery (but attention to transplantation shock) or in field experi-
ments when trees are lower than 3-4 meters and optimally 2-3 meters. Assessment of taller trees requires the help of 
binocular which makes the observation more delicate and in any case more time-consuming.
The site conditions can change requirements of traits to be monitored in different countries so a standardized 
method should be adopted.
Each tree is given a score (from 0 (1) to 5). Observation is preferably done block by block in one single day. A given 
observer must achieve complete blocks (observer effect confounded with block effect in statistical analysis). 
For shoot elongation and shoot frost hardening: the trees must not be too high so you can reach the upper part 
of the crowns without major problem.
For freeze testing the test temperature is critical to assess genetic variation (too low or too high test temp. means 
poor resolution between genetic entries).
PRESENTATION OF RESULTS
Data will be provided in a two-way table with genotypes and dates of observations: cells will include the scores.
REFERENCE GENOTYPES
As suggested by C. Bastien (INRA, Orléans-France), it might be useful to identify extreme standard materials which 
could be used as references in trials to alert for phenology observations. Preferably it should be material shared by 
most test sites as possible. 
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Adaptive traits: Phenology
Bud break in Abies species
Date: October 2010
PROTOCOL FOR ASSESSMENT OF BUD BREAK IN ABIES SPECIES
SCORING SYSTEM
The scoring methodology below has been developed and tested for Abies spp..
Bud break (CRA - SEL, IT)
 
 1 = Buds enclosed by needles and not visible unless the needles are parted;
 2 = buds slightly swollen but still coated by the membrane;
 3 = buds elongating, bud scales and membrane visibly abscised;
 4 = buds elongated, a short brush of new needles visible, bud scales disappeared;
 5 = elongating brush of soft needles emerged;
 6 = soft shoots with developed needles. 
 Score 1 Score 2 Score 3
 Score 4 Score 5 Score 6
Figure 1. Scoring system developed by CRA - SEL (IT) for Abies nebrodensis.
2The observation of bud break will be done at regular intervals (twice a week, more often?) along the flushing sea-
son, starting soon enough to capture the early stage and ending late enough to catch the last stage. It should be cor-
related with chilling units accumulated along the winter and according to the length of day when international trials 
are considered. The observation will stop when all trees have reached the final stage 6. 
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Adaptive traits: Phenology
Bud burst in larch
Date: October 2010
PROTOCOL FOR ASSESSMENT OF BUD BURST IN LARCH
SCORING SYSTEM 
Scoring system have been provided for the survey on adaptive traits (Figure 1). 
Figure 1. Flushing scores in larch (INRA - Orléans; photos L.E. Pâques, 2009).
0 = Bud dormant, scales brown, tightly closed;
1 = swelling bud: the bud is swollen, more round with a whitish tip but 
scales are still closed;
2 = bud open: tip of bud green with top of needles visible, tightly packed 
together;
3 = bud open: green needles well visible but still tightly packed together 
(spindle-like), with a length equal or over that of bud scales; 
4 = needles with a length over that of the bud scale, become looser (brush-
like);
5 = needles completely loose and open, fully elongated (tuft-like) but twig 
not yet in elongation.
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Adaptive traits: Phenology
Bud burst, bud break (budset, shoot elongation), termination of growth in Spruce
Date: October 2010
PROTOCOL FOR ASSESSMENT OF BUD BURST, BUD BREAK AND
TERMINATION OF GROWTH IN SPRUCE
SCORING SYSTEM
Bud burst 
The developmental stage of the lateral bud is scored using the scale of Krutzsch (1973; Figure 1).
Figure 1. The scoring method adopted for Spruce.
0 = Dormant buds;
1 = buds slightly swollen, needles below buds bent backwards and outwards;
2 = buds swollen, green to grey-green in colour, bud scales still closed;
3 = burst of bud scales, tips of needles emerging;
4 = first elongation of needles to about double bud length;
5 = first spread of needles, but have now the appearance of a painters brush;
6 = elongation of shoot, basal needles not yet spread;
7 = differentiation of shoot, basal needles spread;
8 = all needles more or less spread, new buds developing.
Score 1 Score 2 Score 3 Score 4
Score 5 Score 6 Score 7 Score 8
2Protocol nr. 8.3
WAY OF ASSESSMENT
Traits can be monitored at different ages. In general young trees are preferred, when the top bud can be seen on 
the leader shoot then the budburst of the top bud can be assessed on the leader shoot (nursery to 7-8 years old in the 
test) according to 8 score scale similar to Krutzsch (1973). 
Scales used at different ages: 
Seedlings
 1 = Buds enclosed by needles, and not visible unless the needles are parted;
 2 = buds beginning to swell;
 3 = buds beginning to elongate, the scales slightly separated, but not retracted;
 4 = buds swollen and more elongated, bud scales retracting;
Figure 2. Assessment of Bud set in Picea species.
Bud break-Picea spp. (Figure 2) 
 1 = The swollen buds show first green colour;
 2 = green needle colour appears on a larger surface; needles are 
in a short and compact bundle with a closed surface everywhere;
 3 = needle bundle starts to loosen; phase of paint brush;
 4 = needle bundle elongates and a separation starts slowly;
 5 = elongation moves on as well as separation of needles.
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 5 = a short brush of new needles visible, bud scales abscising, a “hat” of bud scales remains on the top of the new  
 shoot;
 6 = a longer brush of needles emerged, all bud scales have disappeared.
Adult trees
 0 = Buds enclosed by needles, and not visible unless the needles are parted;
 1 = buds swelling but still coated by the membrane;
 2 = buds elongating, bud scales and membrane visibly abscised, a “hat” of bud scales on the top of the new shoot;
 3 = buds elongated, a short brush of new needles visible, bud scales disappeared;
 4 = brush of needles emerged;
 5 = soft shoots developed, ca 5 cm long;
 6 = hoot straight, needles dark green.
Termination of growth (Figure 3)
Figure 3. Assessment of termination of growth in Picea species.
 1 = Terminal shoot is green, buds at terminal shoot are green;
 2 = terminal shoot regarded from last whorl down to half of the whorl slightly  
 brown, bud at the tip brownish;
 3 = terminal shoot regarded from last whorl is brown up to ¾ ; bud slightly  
 brownish;
 4 = terminal shoot nearly coloured all over like the rest of the stem; bud also  
 coloured;
 5 = terminal shoot has the same colour as the rest of the stem; terminal bud is  
 fully differentiated and as brow as the rest of the buds at the terminal shoot.
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Adaptive traits: Phenology
Bud break, shoot elongation 
Pinus sylvestris
Date: October 2010
PROTOCOL FOR ASSESSMENT OF BUD BREAK AND SHOOT ELONGATION
 IN PINUS SYLVESTRIS
SCORING SYSTEM
Bud break and shoot elongation phenology
Scoring the phenological stage according to the 0 to 5 scale defined by Debazac (1966; Figure 1). 
Figure 1. Scoring system adopted for bud breaking and elongation in Pinus sylvestris.
0 = Dormant bud with joined scales covered by resin;
1 = tart of elongation, scales partly disjoined but still covering the young shoot;
2 = significant elongation of terminal bud, scales till present but the green young shoot is visible;
3 = brachyblasts are well visible but still in their envelop;
4 = needles joined by 2 start to appear;
5 = the 2 needles of the same brachyblasts are clearly distinct.
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Adaptive traits: Phenology
Bud break, bud set
Pseudotsuga menziesii
Date: October 2010
PROTOCOL FOR ASSESSMENT OF BUD BREAK AND BUD SET IN PSEUDOTSUGA MENZIESII
SCORING SYSTEM
Bud break (Figure 1)
Figure 1. Scoring system adopted for bud break on Douglas Fir.
1 = Buds enlarge, slightly greenish appearance;
2 = bud scales start to burst; needle points are visible;
3 = the needle bundle stretches up to twice the size of the bud size; in 
general the needles       are still tight to the shoot; only rarely nee-
dles around the bud scales are splayed out;
4 = needle bundle starts to loosen, shoot still enlarges; the young shoot 
looks like a paint brush;
5 = shoot still enlarges, needles splay out; the length of the shoot is 
now twice as long as in phase 4;
6 = terminal bud stunted, not existing.
Score 1 Score 2 Score 3
Score 4 Score 5 Score 6
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Termination of growth (plants in nursery; Figure 2)
Figure 2. Scoring system adopted for bud setting/growth termination on Duglas Fir 
1 = Terminal shoot is completely green, terminal bud is only allusively differen-
tiated;
2 = terminal bud is very small and visible between the terminal needles; termi-
nal shoot is mainly green, sometimes slightly red;
3 = terminal bud is conical and brown coloration starts; terminal shoot starts 
to lignify, cork cells are produced;
4 = terminal bud is about 2-3 mm, the brown color is more intense; bark ap-
pears mainly grey-greenish;
5 = terminal bud is well developed and dark green; terminal shoot is lignified, 
that means the bark is greenish-grey and appears slightly teared open.
Score 1 Score 2 Score 3
Score 4 Score 5
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Adaptive traits: Phenology
Bud break, bud set, termination of growth
Populus spp.
Date: October 2010
PROTOCOL FOR ASSESSMENT OF BUD BREAK, BUD SET AND TERMINATION OF GROWTH 
IN POPULUS SPECIES
SCORING SYSTEM: DESCRIPTION
In Poplars methods and ways for assessing phenology traits are widely standardized, due to international agree-
ments. 
Bud break - Method 1
Scoring the phenological stage according to the 0 to 5 scale defined for P.nigra in the EUFORGEN technical guide-
lines (Figure 1). This scale has been tested on the three species and their hybrids.
Between 1 to 3 assessments the same year of the same experiment in order to catch early, medium and late flush-
ing genotypes. About 1000 trees per person per day can be assessed for Bud break.
Figure 1. The Euforgen scoring system adopted for bud burst of poplars (Turok et al., 1996).
0 = Dormant bud completely enveloped by the scales (perulae);
1 =bud swelling with scales slightly diverging showing a narrow yellow margin; pres-
ence of one or more droplets of balsam;
2 = bud sprouting, with tips of the small leaves emerging out of the scales;
3 = buds completely opened with leaves still clustered together; scales still present;
4 = leaves diverging with their blades still rolled up; scales may be present or absent;
5 = leaves completely unfolded (but smaller in size than mature ones); lengthening 
of the axis of the shoot evident; scales absent.
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Bud break - Method 2
Bud development stages 
0 = Dormant buds;
1 = bud swelling;
2 = bud breaking, scales are opening, the tips of the uppermost new leaves are visible;
3 = bud breakdown, scales still present, young leaves emerging from the upper part of the bud, but still joined; 
4 = leaf opening stage, young leaves involuted; 
5 = leaves wide opened, shoot elongation.
Budset
Between 6 to 12 assessments the same year of the same experiment in order to catch early, medium and late 
flushing genotypes. Every two-days or twice a week. About 1000 trees per person per day can be assessed for Bud Set.
Budset - Method 1
Scoring the phenological stage according to the 0-3 scale (Figure 2) defined first for P. nigra by Rohde and Ruttink 
(2004) and adapted on other species and hybrids by C. Bastien at INRA (2005). Between 1 to 5 assessments the same 
year of the same experiment in order to catch early, medium and late flushing genotypes. It is more difficult to assess 
than bud break and needs some technical training.
0-3: Budset scale initially defined on P. nigra by Rohde and Ruttink (2004).
0-3: Bud set scale adapted to inter-specific Poplar hybrids (Figure 3).
Figure 2. Bud set scoring system adopted for lack poplar (Project FP6-POPYOMICS).
3Figure 3. Bud set scoring system adopted on hybrid poplars.
Budset - Method 2 
0 = if terminal bud has not reached stage 1.5; 
1 = if terminal bud has reached stage 1.5. 
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4Figure 4. Bud set scoring method adopted in Germany for hybrid poplars.
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1 = The final leave is not unfolded. The green tip of the termination bud is 
visible;
2 = the final leave is unfolded; the terminal bud is slightly bigger;
3 = first bud scales are visible, bud is still green;
4 = shoot starts lignification, the border of the scales start to become brown;
5 = the bud appears brownish. Lignification of the shoot is almost finished; 
6 = termination bud is brown; the shoot is completely lignified; leaves start to 
change color.
Termination of growth
A 6 score scale of is used in Germany for Termination of growth in Poplars. This method is to be preferred because 
simpler and rapid (Figure 4).
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Adaptive traits: Phenology
Budbreak
Prunus avium
Date: October 2010
PROTOCOL FOR ASSESSMENT OF BUD BREAK IN PRUNUS AVIUM
SCORING SYSTEM: DESCRIPTION 
In wild cherry methods and ways for assessing phenology traits are only partially standardized, due to interna-
tional projects as Always (AIR3). Photographs and drawings allow a relatively fast assessment (Figure 1).
Figure 1. Scoring method adopted for wild cherry on bud 
break.
WAY OF ASSESSMENT
In northern countries this trait is important within the scope of climate change and important adaptive trait re-
1 = Buds are swollen, some leave scales separate so that 
first leave edges are visible;
2 = leaflets reach the same size as the former buds and 
start to separate;
3 = leaflets are three times as large as the former bud, pe-
duncle is still sitting in the bud; leaves are still folded 
(roof-shaped); leave structure clearly develop;
4 = leaves elongate more but still folded;
5 = leaves are extremely spread out; leave area increased 
clearly; peduncle appear so that leaves start to turn 
round and hang down.
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lated to late frost damages. Anyway this trait is also meaningful related to survey genetic variation in a species show-
ing very low intra specific levels of differentiation.
Even if the evaluation can by highly subjective, photographs allow a relatively fast assessment. A team o 4 people 
can measure about 600 trees per day.
Bud break scoring system in Belgium, France, Italy and other countries.
The observation of bud break will be done at regular intervals varying according to the needs and the sites along 
the flushing season, starting soon enough to capture the early stage and ending late enough to catch the last stage. It 
should be correlated with chilling units accumulated along the winter and according to the length of day when inter-
national trials are considered. The observation will stop when all trees have reached the final stage 5. 
In other cases, observation can be carried out at given dates (once, twice or three or more times per year), trees 
will be observed and recorded at the phase they are. 
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Adaptive traits: Phenology
Scoring system for leaf senescence
Date: October 2010
SCORING SYSTEM FOR LEAF SENESCENCE IN LARCH
The following grid has been proposed by Migliavacca et al. (2008; Figure 1). 
WAY OF ASSESSMENT
For bud set, the terminal bud alone will be observed but care should be paid that it is alive and healthy. In case of 
defects, a sub-terminal bud can be assessed instead. 
Observation is best done on small trees like in nursery (but attention to transplantation shock) or in field experi-
ments when trees are lower than 3-4 m. Assessment of taller trees requires the help of binocular which makes the 
observation more delicate and in any case more time-consuming.
For leaf senescence (yellowing), the whole crown of trees is observed: leaf yellowing usually starts in larch from 
bottom to top of crown and from inside towards outside the crown. 
Observation is probably more reliable on more mature trees and in any case on trees with a more fully developed 
crown than on smaller trees (confirmation needed).
PRESENTATION OF RESULTS
Case 1: data will be provided for each individual tree including the date of bud set or the date when the senes-
cence reference stage was reached; 
Case 2: data will be provided in a two-way table with genotypes and dates of observations: cells will include the 
senescence scores.
RESEARCH QUESTIONS
 Impact of height of trees on bud set?
Relationships with environmental factors? Possibility to have indirect assessment methods;
meaning of bud set in larch compared to leaf senescence with relation to the end of cambial activity?
Figure 1. Scoring system in larch (Migliavacca et al., 2008).
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Adaptive traits: Phenology
Flowering phenology (male and female)
Abies spp.
Date: October 2010
FLOWERING PHENOLOGY IN ABIES SPECIES
SCORING SYSTEM: DESCRIPTION 
In Abies species, with special reference to grafted or rooted cuttings seed orchards, where flowers monitoring is 
easier, both female and male flower phenology can be scored. Both scales are based on sets of 5 reference scores.
This traits should be monitored at least twice/week, by the same staff or person .
Female flower phenology (Figure 1).
Figure 1. Scoring system to assess female flower phenology tested  on Abies nebrodensis .
1 = Female buds open, small cones visible (1 – 2 cm);
2 = cone elongation started;
3 = cone elongation advanced (> 5 cm);
4 = cone elongation concluded (> 10 cm);
5 = color change from green to brownish (color monitoring).
Score 1 Score 2 Score 3
Score 4 Score 5
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Male flower phenology
The observation can be carried out at given dates (once, twice or three or more times per year), trees will be ob-
served and recorded at the phase they are (Figure 2).
Figure 2. Scoring system to assess male flower phenology tested on Abies nebrodensis.
Score 0-1 Score 2 Score 3
Score 4 Score 5
0 = Male buds closed;
1 = male buds start to open scales, pollen bags are visible under transparent scales;
2 = micro-sporophylles are starting to extend their size but still green;
3 = extended but still immature pollen bags;
4 = pollen bags ripened, release of pollen;
5  = release of pollen concluded, bugs still on the branch but empty.
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Adaptive traits: Phenology
Flowering phenology (male and female)
Pinus spp. 
Date: October 2010
FLOWERING PHENOLOGY TRAITS IN PINUS SYLVESTRIS
Female flowering phenology 
Scoring the phenological stage according to a 1 to 5 scale (Figure 1).
Figure 1. Female flower phenology scoring method in Pinus sylvestris.
1 = Start of shoot elongation, terminal vegetative and reproductive buds not clearly visible;
2 = female flowering buds clearly visible on the top of the shoot bur scales are completely covering the flowers;
3 = female flowers at the receptivity scale, often in vertical position;
4 = the receptivity scale of female flowers is over, flowers start to curve down on the shoot;
5 = flowers are nearly completely lignified externally and are now completely curved down. 
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Figure 2. Scoring system adopted for male flower phenology on Pinus sylvestris.
Male flowering phenology
Scoring the phenological stage according to a 1 to 5 scale (Figure 2).
1 = Start of shoot elongation, male strobili are not visible they are completely covered 
by scales;
2 = male strobili start to be visible , when pressed male strobili present still high water 
content (yellow liquid);
3 = male strobili well developed, when pressed male strobili transform in a yellow paste, 
no emission of pollen;
4 = emission of pollen in part or all strobili;
5 = end of emission of pollen, strobili are now empty and dried.
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Adaptive traits: Phenology
Flowering phenology (male and female)
Populus spp.
 Date: October 2010
FLOWERING PHENOLOGY IN POPULUS SPECIES
SCORING SYSTEM
In Poplars, methods and ways for assessing phenology traits are widely standardized, due to international agree-
ments. 
Method
Scoring the phenological flowering stage according to the visual 1-5 scale defined by Marc Villar (INRA). Between 
2 to 5 assessments the same year of the same experiment in order to catch early, medium and late flowering geno-
types (Figure 1).
Figure 1. Female and male flowering stages scored for poplars.
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Adaptive traits: Phenology
Flowering and fruit phenology 
 Prunus spp.
 Date: October 2010
FLOWERING PHENOLOGY AND FRUIT RIPENING IN PRUNUS AVIUM
SCORING FLOWERING
The method proposed is rapid and partially standardized; it allows detection of genetic variation, characteriza-
tion of clones and, in seed orchards, it allows knowing which clone can cross or can be crossed with each other. The 
scoring scale used is the same as the standard used for sweet cherry. Only one estimate per tree is done at age 5.
Percentage of open flowers is evaluated every 2 days. The crown is divided into 5 strata and the share (%) of fully 
opened flowers is recorded for each stratum.
A unique stage of flowering is observed, called “open flowers”: petals can been seen open and not fallen. 
1% means that around 10 flowers are open; counting continues to 5, 10, 20, 30, 40, 50, 60, 70, 80, 90%. 
The starting date is estimated when breaking of flowering buds of the earliest flowering trees in the trial is re-
corded. The ending date when wilting of flowers of latest flowering trees in the trial. The total period of observation is 
on average 5 weeks.
Scoring is carried out once/year, repeated 3 years in collections.
When clones are monitored, 3-4 ramets/clone can be used.
In collections and clonal archives about 300 trees can be scored in half a day. In seed orchards, about 120 trees in 
1 hour can be measured. A team of 4 people can monitor about 1200 trees.
INTEGRATED METHODS FOR PHENOLOGY ASSESSMENT
Recently, in Italy (CRA - SEL, P 12), an integrated approach for phenology traits evaluation was tested by inte-
grating the different methods of scoring applied for bud break, flowering and ripening of fruits (Scheme 1). That was 
tested in order to follow all the phenological period in clone collections with the aim to characterize clone and to in-
crease discrimination among materials within wild cherry, where neutral genetic variation is evident at individual level 
only. The method allowed also to pick up relationships between those traits and temperature amounts as CU (chilling 
units), needed by each genotype for starting the different phases.
Scores and references were also mutuated from the experienced world of fruit crop trees breeders, where phenol-
ogy/adaptive maps of major genotypes were realized (Figure 1). 
This system can be expansive in terms of time/men and it is suggested to be applied within collections with spe-
cial attention to reference clones.
During validation tests in 2009, 2010 and 2011, it revealed differentiation between high altitude and low altitude 
and southern/northern materials concerning needs in flower bud dormancy induction in late summer early autumn.
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Figure 1. Phenology (flower bud burst) map of sweet cherry varieties used in Europe, based 
on averaged data.
LOGIC SCHEME OF THE METHOD
Scheme 1 - Integrated methods for phenology assessment in P. avium.
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INTEGRATED SCORING SYSTEM FOR WILD CHERRY (PRUNUS AVIUM L.) PHENOLOGY TRAITS
Common phases and scores
1 - Buds no active, scales brown and closed.
2 - Buds increase size, scales start to separate so 
that first leave edges are visible.
3
Flower bud broken, flowers 
petals still closed, petiole 
elongating.
3
Bud broken, leaves still folding 
within.
4
Anthesys evident on at least 1/3 of 
flowers.
4
Leaves start elongation.
5
Anthesys evident on at least 2/3 of 
flowers.
5
Leaves not completely elongated.
6
Anthesys cover-
ing all the crown.
6
Leaves completely elongated.
7
1/3 of flower lost petals.
7
Leaves completely developed and 
in some cases the St. John shoot is 
formed.
8
>2/3 of flowers have lost 
petals.
 A - Flower phenology B - Leaves phenology 
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C - Fruit ripening phenology
9
1/1 of cherries is green.
10
< 1/3 of cherries is or-
ange- yellowish
11
<2/3 of cherries are orange-
yellowish.
13
<1/3 of cherries is fully red.
15 
> 2/3 to 1/1 of cherries is fully 
red (Bordeaux).
12
2/3 to 1/1 of cherries 
are orange-yellowish.
14
< 2/3 of cherries is fully 
red.
Reference genotypes for phenological (population, family, clone) were chosen for their higher h²G or H²C values 
(Table 1). 
Table1. Reference genotypes for flowering and phenology.
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Traits: Assessment of frost hardiness
Conifers/Broadleaves
 Date: March 2011
ASSESSMENT OF FROST HARDINESS OF YOUNG TREES
DEFINITION
Frost hardiness is the ability of trees to survive the effects of temperatures below the freezing point. More specifi-
cally, it is the ability of trees to tolerate frost of different levels.
The development of frost hardiness within trees is influenced by several exogenous factors e. g. course of temper-
ature and day length during the year. It is also affected by endogenous factors such as the development rhythm of the 
tree, the accumulation of plant contents or the speed of metabolism. Therefore, frost hardiness cannot be consideresd 
as a fixed condition lasting constantly for a long period, but it should be understood as a process which is subject to 
permanent change. 
Different phases of frost hardiness are considered (Scheumann, 1964; 1968): 
 - the ability of plants for hardening (early frost hardiness);
 - the degree of hardening (winter frost hardiness);
 - the response to significant changes of temperature during the winter period (stability of frost hardiness);
 - the beginning of dehardening (late frost hardiness);
 - the ability to regenerate damages caused by frost.
Since the natural conditions may chance in an unpredictable way, frost hardiness should be assessed under con-
trolled conditions in climate chambers. Therefore, the plant material should be tested: I. immediately after the vegeta-
tion period prior to the first frosts; II. during the winter period; III. finally at the end of the winter season. 
In addition, assessment of the annual growth rhythm in field trials, such as bud flush and bud set, may provide 
valuable information for ranking provenances, families or clones according to their frost hardiness in different periods 
of the growth season. 
ASSESSMENT OF FROST HARDINESS
Plant material
To avoid the use of material which is already damaged, an equivalent number of plants per genetic unit should 
be assessed on damages before the tests.
The plant material to be used for the assessment of frost hardiness should be cultivated for a longer period under 
more or less homogenous laboratory or field conditions.
Sampling
Samples
Frost tests are commonly carried out with young plants in pots or containers or, if the trees are older and larger, 
with parts of plants e.g. lignified shoots of the current year. 
Sampling size
The sample size depends mainly on the genetic background of the plant material. Using clone material will re-
quire a smaller number of samples compared to seedlings (half- and full-sib progenies) as the variation to be expected 
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may be smaller in the former case. Therefore, the number of sampled plants will increase from 3 - 5 ramets per clone 
to 15 – 30 seedlings per progeny.
The number of samples to be included in the experiments also depends on i. the statistical analysis of the data 
(Johnsen, 1989b) and ii. on the number of test levels (cf. infra) and the number of replicates per test level.
Sampling procedure
The sampling procedure depends on the number of plants available. If there is only a limited number of plants 
available, all plants are sampled. If there is a large number of plants available, plants can be sampled randomly (e.g. 
every third plant) or selectively according to a range of diameter (root collar diameter, DBH). The latter approach re-
quires the measurement of the selection parameters.
If parts of plants of larger trees are used for freezing experiments (e.g. twigs), the twigs should be taken from 
branches at the same height of the tree e.g. at 1.3 m. The twigs should have a length of 15 to 20 cm. After cutting, the 
twigs should be placed immediately in plastic bags, labelled and put into cool boxes. After transport, the material 
should be put into humid sand and kept already under pre-freezing temperature conditions until testing.
Time of sampling
Since frost hardiness is to be considered as a dynamic process, the time of sampling is crucial for the assessment 
of the different types of frost hardiness:
 - early frost hardiness: immediately after the vegetation period before the first frosts
 - winter frost hardiness: during the winter period;
 - late frost hardiness: at the end of the winter season.
If the stability of frost hardiness during the winter season is to be assessed, the first and the last sampling should 
be done at the beginning and at the end of the winter season respectively. During the winter season, a more or less 
frequent sampling during the winter season is necessary depending on the course of temperature.
Freezing procedure
Frost killing point
The frost killing point LT
50
 is the temperature at which 50 % of the plant material dies due to freezing injury. 
Depending on the kind of frost hardiness investigated, different test temperature are required. In order to fa-
cilitate the estimation of the “frost killing point” (LT
50
) a minimum of five test levels with a fixed distance between the 
levels is recommended (Table 1).
Independently of the plant material (buds, needles, plants) and the assessment methods, the data achieved can 
be used to estimate the temperature damaging 50 % (LT
50
) of the material in question  by arithmetical interpolation as 
described by Weber (1986) or by statistical methods described for example by O´Reilly et al. (2000).
Freezing procedure
The freezing procedure is divided into five steps, the pre freezing period, the constant cooling period, the test 
period, the constant thawing period and the post thawing period.
Table 1. Freezing test levels for the assessment of frost hardiness.
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Assessment of frost hardiness of seedlings and young plants with instant freezing
After pre-treatment, the plant material is cooled down straight to the test temperature. After freezing the mate-
rial for 2 hours, the material is thawed back straight to 2 °C for post freezing treatment. After keeping the material at 
this temperature for to 4 hours, the tissues are transferred to glasshouse, laboratory or nursery facilities for cultivation 
(Table 2).
Table 2. Standardized test design to be used in instant freezing tests.
Assessment of frost hardiness of seedlings and young plants with constant freezing
The temperature in the climate chamber is constantly decreased to the test temperature with a fixed rate of -6 K 
per hour. After 4 hours under constant freezing conditions, the temperature is increased again with a fixed rate of +6 K 
per hour until a temperature of +2 °C is reached. After keeping the material at this temperature for 3 hours, the tissues 
are transferred to glasshouse, laboratory or nursery facilities for cultivation (Table 3).
This procedure requires the availability of a climate chamber with flexible temperature processing.
Table 3. Standardized test design to be used in constant freezing tests.
Cultivation of tested material
After the freezing procedure, the plant material should be transferred immediately to the cultivation facilities.
The material is cultivated in moderate conditions and with sufficient water supply. As cultivation media sterilized 
sand is recommended. To keep the moisture content of the air at a high level, the tested material can be covered by 
plastic. The place of cultivation should be shaded with 14 hours of light at minimum. The temperature should not ex-
ceed +20 °C. After 20 days of cultivation, damages are assessed.
Assessment of damages and injuries
Damages and injuries of needles
The discolouration of the needles after freezing is assessed by a multi-point scale (Table 4).
4Protocol n. 9
Damages and injuries of buds
If only twigs or shoots are considered, the apical bud and the lateral buds are assessed using a multi-point scale 
(Table 5)
Table 4. Multi-point scales of different accuracy for the assessment of needle damages caused by frost.
Table 5. Multi-point scale for the assessment of bud damages 
using with three buds at the top of the twig as example.
The level of damage can be assessed in two different ways:
1. If seedlings or plants are used without further cultivation, the damage of buds caused by frost is assessed by a lon-
gitudinal cut through the apical cone of the buds. Undamaged apical cones are light-green, damaged are brownish 
or black-brown of colour.
2. If potted or containerized seedlings or plants are used and cultivated further on after the freezing, damages and 
injuries of buds can also be assessed at the beginning of the vegetation period by the observation of flushing and 
the survival rate. The scoring scheme for the assessment of the different flushing stages should follow the common 
protocols for the assessment of phenological traits of the respective species as described by TREEBREEDEX
The total number of damaged buds is counted and the percentage seedling/plant is calculated.
IProtocol nr. 9 - Useful literature
USEFUL LITERATURE
Andersson B., 1994. Aftereffects of maternal environment on autumn frost hardiness in Pinus sylvestris seedlings in relation to cultivation tech-
niques. Tree Physiology, 14: 313-322.
Bariteau M., 1992. Variabilité géographique et adaptation aux contrain¬tes du milieu mèditerranéen des pins de la section halepensis: résultats 
(provisoires) d’un essai en plantation comparatives en France. Ann. Sci. For., Inra, 49: 261 - 276.
Black K., Ryan S., O´Reilly C., in press: Rapid assessment of cold hardiness and quality deterioration in storage of Sitka spruce transplants. Forestry.
Braun H., Scheumann W., 1989. Erste Prüfungsergebnisse von Douglasienbestandes-nachkommenschaften unter besonderer Berücksichtigung 
der Frostresistenz [Please traslate EN]. Beitr. Forstwirtschaftm 23: 4-11.
Ericsson, T.; Andersson, B. 1997: Can Field Mortality of Lodgepole pine (Pinus contorta var. latifolia) Families be Predicted Based on Early Freezing 
Test Results?. Forest Genetics, 4: 61-67.
Falusi M., Calamassi R., Tocci A., 1984. Resistenza al freddo di Pinus halepensis Mill., P. brutia Ten., P. eldarica Medw. .[Frost resistance of Pinus ha-
lepensis Mill., P. brutia Ten., P. eldarica Medw. ]. Atti Soc. Tosc. Sc. Nat., Mem., Florence, Italy, serie B, XCI: 1 - 23.
Groß M., Rainer I., Tranquillini W., 1991. Über die Frostresistenz der Fichte mit besonderer Berücksichtigung der Zahl der Gefrierzyklen und der 
Geschwindigkeit der Temperaturänderung beim Frieren und Auftauen [   ]. Forstw. Cbl., 110: 207-217.
IPCC, 2007. Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth Assessment. Report of the Intergov-
ernmental Panel on Climate Change [Core Writing Team, Pachauri, R.K and Reisinger, A. (eds.)]. IPCC, Geneva, Switzerland: 104 pp.
Jensen J. S., Deans J.D., 2004. Late Autumn Frost Resistance of Twelve North European Provenances of Quercus Species. Scand. J. For. Res., 19: 
390-399.
Johnsen Ø., 1989a. Phenotypic Changes in Progenies of Northern Clones of Picea abies (L.) Karst. Grown in a Southern Seed Orchard. Scand. J. 
For. Res., 4: 317-330.
Johnsen Ø., 1989b. Freeze-testing Young Picea abies Plants. Scand. J. For. Res., 4: 351-367.
Johnsen Ø, Daehlen O.G., Ostreg G., Skrøppa T., 2005a. Day length and temperature during seed production interactively affect adaptive perfor-
mance of Picea abies progenies. New Phytologist, 168: 589-596.
Johnsen Ø., Fossdal C.G., Nagy N., Molmann J., Daehlen O.G., Skrøppa T., 2005b. Climatic adaptation in Picea abies progenies is affected by the 
temperature during zygotic embryogenesis and seed maturation. Plant, Cell and Environment, 28: 1090-1102.
Kohmann K., Johnsen Ø., 2007. Effects of early long-night treatment on diameter and height growth, second flush and frost tolerance in two-
year-old Picea abies container seedlings. Scand. J. For. Res., 22: 375-383.
Larsen J.B., 1978a. Die Frostresistenz von 60 verschiedenen Douglasien-Herkünften sowie über den Einfluss der Nährstoffversorgung auf die 
Frostresistenz der Douglasie. Schriften aus der Forstl. Fakultät der Uni Göttingen und der Nds. Forstl. Versuchsanstalt, 52: 1-126.
Larsen J.B., 1978b. Die Klimaresistenz der Abies grandis (Dougl.) Lindl. 1. Die Frostresistenz von 23 Herkünften aus dem IUFRO-Provenienzversuch 
von 1974. Silvae Genetica, 27: 150-156.
Larsen J.B., 1986. Die geographische Variation der Weißtanne (Abies alba Mill.) – Wachstumsentwicklung und Frostresistenz . Forstw. Cbl., 105: 
396-406.
Larsen J.B., Ruetz W.F., 1980. Frostresistenz verschiedener Herkünfte der Douglasie (Pseudotsuga menziesii) und der Küstentanne (Abies grandis) 
entlang des 44. Breitengrades in Mittel Oregon. Forstw. Cbl., 99: 222-233.
Larsen J.B., Yang W., v. Tiedemann A., 1990. Effects of ozone on gas exchange, frost resistance, flushing and growth of different provenances of 
European silver fir (Abies alba Mill.). Eur. J. For. Path., 20: 211-218.
Levitt J., 1980. Responses of plants to environmental stresses – Volume I: Chilling, freezing and high temperature stresses. Academic Press, New 
York: 497 pp.
Libbert E., 1987. Lehrbuch der Pflanzenphysiologie. Gustav Fischer Verlag, Jena, 4. Auflage: 306-309.
Liepe K., 1993. Growth-chamber trial on frost hardiness and field trial on flushing of sessile oak (Quercus petraea Liebl). Ann Sci For 50, Suppl. 1: 
208-214.
MPI-M, 2006. Klimaprojektionen für das 21. Jahrhundert. Max-Planck-Institute for Meterology, Hamburg: 32 pp. (http://www.mpimet.mpg.de/
fileadmin/grafik/presse/ Klimaprojektionen2006.pdf).
Nielsen C.C.N., Rasmussen H.N., 2009. Forst hardening and dehardening in Abies procera and other conifers under differing temperature regimes 
and warm-spell treatments. Forestry, 82: 43-59.
Nilsson J.-E., 2001. Seasonal changes in Phenological Traits and Cold Hardiness of F1-populations from Plus-trees of Pinus sylvestris and Pinus 
contorta of Various Geographical Origins. Scand. J. For. Res., 16: 7-20.
Nilsson J.-E., Walfridsson E.A., 1995. Phenological Variation among Plus-tree Clones of Pinus sylvestris (L.) in Northern Sweden. Silvae Genetica, 
44: 20-28.
II
Nowatzki O., 1998. Untersuchungen zur Frostresistenz an ausgewählten Einzelbaumnachkommenschaften von Douglasie (Pseudotsuga men-
ziesii (Mirb.) Franco). MSc-Thesis, Technical University of Dresden, Division of Forestry, Tharandt: 76 pp., not published. 
O´Reilly C., McCharthy N., Keane M., Harper C.P., Gardiner J.J., 1999. The Physiological status of Douglas fir seedlings and the field performance of 
freshly lifted and cold stored Stock. Ann. For. Sci., 56: 297-306.
O´Reilly C., McCharthy N., Keane M., Harper C.P., 2000. Proposed dates for lifting Sitka spruce planting stock for fresh planting or cold storage, 
based on physiological indicators. New Forests, 19: 117-141.
Perks M.P., Osborne B.A., Mitchell D.T., 2004. Rapid predictions of cold tolerance in Douglas-fir seedlings using chlorophyll fluorescence after 
freezing. New Forests, 28: 49–62.
Pukacki P.M., Przybyl K., 2005. Frost Injury as a Possible Inciting Factor in Bud and Shoot Necroses of Fraxinus excelsior L.. J. Phytopathology, 153: 
512-516.
Rehfeldt G.E., 1977. Growth and Cold Hardiness of Intervarietal Hybrids of Douglas-fir. Theor. Appl. Genet., 50: 3-15.
Scheumann W., 1964. Über die Frostresistenz von Gehölzen und Möglichkeiten einer Resistenzprüfung an Züchtungsmaterial. Tagungsberichte 
Deutsche Akademie der Landwirtschaftswissenschaften zu Berlin, 65: 103-109.
Scheumann W., 1968. Die Dynamik der Frostresistenz und ihre Bestimmung an Gehölzen im Massentest. Tagungsberichte Deutsche Akademie 
der Landwirtschaftswissenschaften zu Berlin, 100: 45-54.
Schüte G., Sarvas M., 1999. Elektrolytverlustmessungen als Testmethode zur Vitalitätsbestimmung von Eichensämlingen (Quercus robur L.). For-
starchiv, 70: 133-138.
Skrøppa T., 1991. Within-population Variation in Autumn Frost Hardiness and its Relationship to But-set and Height Growth in Picea abies. Scand. 
J. For. Res., 6: 353-363.
Sogaard G., Granhus A., Johnsen O., 2009. Effect of frost nights and day and night temperature during domancy induction on frost hardiness, 
tolerance to cold storage and bud burst in seedlings of Norway spruce. Trees, DOI 10.1007/s00468-009-0371-7.
Spekat A., Enke W., Kreienkamp F., 2007. Neuentwicklung von regional hoch aufgelösten Wetterlagen für Deutschland und Bereitstellung re-
gionaler Klimaszenarien auf der Basis von globalen Klimasimulationen mit dem Regionalisierungsmodell WETTREG auf der Basis von globalen 
Klimasimulationen mit ECHAM5/MPI-OM T63L31 2010 bis 2100 für die SRES-Szenarien B1, A1B und A2. Publikationen des Bundesumweltamtes, 
Dessau-Rosslau: 112 pp. (http://www.umweltdaten.de/publikationen/fpdf-l/3133.pdf ).
Visnjic C., Dohrenbusch A., 2004. Frostresistenz und Phänologie europäischer Buchenprovenienzen (Fagus sylvatica L.). Allg. Forst- u. J.-Ztg., 175: 
101-108. 
Wagner I., 1991. Ökophysiologische Untersuchungen an verschiedenen Klonen der Baumart Fichte (Picea abies L. Karst.) mit dem Schwerpunkt 
Trockenresistenz unter Prüfung von Jugend-Alters-Korrelationen. Ber. Forschungsz. Waldökosysteme Uni Göttingen, Reihe A, Bd.: 68, 259 p.
Weber E., 1986. Grundriss der Biologischen Statistik. 9. Aufl., Gustav-Fischer Verlag, Jena: 652 pp.
Protocol n. 9 - Useful literature
1Protocol nr. 10
Traits: Biomass assessment
Conifers/Broadleaves
 Date: March 2011
PROTOCOL FOR ASSESSMENT OF BIOMASS
DEFINITION 
Biomass is the total weight of organic material in a particular sample, region, trophic level, etc. at a certain date 
(Schuett et al., 1992; King and Stansfield, 1997). Biomass can be expressed as fresh or dry weight. In a forestry context, 
biomass is often used as a synonym for the organic substances produced by plants, i.e. phytomass.
The protocol presented serves the assessment of dry biomass of whole trees, with the exception of roots and 
leaves, in forest stands including short rotation plantations up to 20 years. Thereby, the productivity of clones, full-sib 
and half-sib progenies and provenances can be mutually compared and/or related to varying environmental condi-
tions.
ASSESSMENT
Methodology
Biomass is assessed using the “regression-method”, based on the development of allometric functions which de-
scribe the relation between the weight of trees and easy to measure parameters (Verwijst and Telenius, 1999; Roehle 
et al., 2006). The advantage of biomass functions is that they require only a few stand parameters as input variables 
which can be easily recorded in the field (Roehle et al., 2006).
Sampling
Depending on the age of the plant material, a sample size of 50 to 200 trees per genetic unit is recommended 
bearing in mind that:
 - less trees are required with increasing age of the plants;
 - the number of sample trees increases when passing from clones to provenances as genetic units (Figure 1).
Figure 1. Number of sample trees in relation to the type of genetic units to be investigated.
If only a limited number of trees are available, a sample size down to 20 may be sufficient. The area of the sample 
plot depends on the number of sample trees.
The diameter at breast height (DBH) and subsequently the diameter range of all trees within the sample plot is 
recorded with a precision of 1 mm.
Next, ten sample trees are selected covering the whole DBH range. In case of trees with heavy branches and/or 
many branches, the number of trees is raised to 15. The DBH of these “biomass-trees” is measured once again with a 
precision of 1 mm.
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Assessment of fresh and dry weight
After harvest, the fresh weight of the sample trees (FW
st
) is to be determined.
For the assessment of dry weight it is necessary to take a biomass sample. If trees are smaller than 5 m, the whole 
tree can be used as sample. If trees are taller than 5 m a biomass sample is to be taken representing about 10 % of the 
whole tree. A proportion of the branches in relation to the whole tree should be included in the sample (Figure 2).
Figure 2. Biomass sampling for trees higher than 5 m (up to 20 m).
Biomass samples (FW
bs
) can be weighed in situ or the same day in the laboratory after packing them in watertight 
plastic bags.
Fresh weight is to be determined using scales with a precision of 1 %.
Prior to assessment of dry weight, the samples are to chip. Wood chips are to be dried at 104 °C up to constant 
weight (about 48 h). Dry biomass (DW
bs
) is to be determined with a precision of 1 %.
Based on the dry weight of the biomass samples (DW
bs
), the total dry weight of the sample trees (DW
st
) can be 
calculated (Table 1).
Table 1. Calculation of the total dry weight of the sample tree.
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Establishment of an allometric function
Based on the paired values of DBH and total dry weight of each sample tree, a regression function is calculated, 
i.e. the coefficient a0 and a1 are determined (e.g. using MS Excel) (Table 2).
Assessment f the total biomass in the sample plot
Once the biomass function has been established, the biomass of all trees in the sample plot can be determined 
by entering their DBH in the function. The biomass per unit area can be calculated based on the surface of the sample 
plot (Table 3).
Table 2. Allometric biomass function
Development of yield estimations
Biomass functions can be developed for different conditions, i.e. site characteristics, number of trees/ha, etc. First 
approaches have been done for poplar (Hartmann, 2010).
Table  3. Assessment of biomass per unit area.
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